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TRAINABLE TRANSCEIVER AND METHOD FOR DETERMINING THE 
FREQUENCY OF A LEARNED CONTROL SIGNAL 

FIELD OF THE INVENTION 

[0001] The present invention relates to a trainable radio frequency (RF) 
transceiver and particularly to a trainable transceiver for a vehicle that transmits 
a control signal to a remotely controlled device. 

BACKGROUND OF THE INVENTION 

[0002] Electronically operated remote control systems, such as garage door 
openers, home security systems, home lighting systems, etc. are becoming 
increasingly common. Such electronic remote control systems typically employ 
a battery powered portable RF transmitter for transmitting a modulated and 
encoded RF signal to a receiver located at the remote control system. For 
example, a garage door opener system may include a receiver located within a 
home owner's garage. The garage door receiver is tuned to the frequency of its 
associated portable RF transmitter and demodulates a predetermined code 
programmed into both the portable transmitter and receiver for operating the 
garage door. Conventional portable transmitters have consisted of a portable 
housing which typically is clipped to a vehicle's visor or otherwise loosely stored 
in the vehicle. 

[0003] As an alternative to a portable transmitter, a trainable transceiver 
(e.g., a remote control transceiver) may be provided in vehicles for use with 
remote control devices such as garage door openers, gate controllers, alarm 
controls, home lighting systems, etc. Typically, a trainable transceiver may 
learn and store the modulation scheme (i.e., code format), transmission codes 
and the particular RF carrier frequencies of one or more OEM (original equipment 
manufacturer) remote transmitters for use with the remote control devices. A 
vehicle owner may train the transceiver to the vehicle owner's existing remote 
RF transmitter. Subsequently, the old remote RF transmitter can be discarded or 
stored. 
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[0004] To enhance security of remote control devices, manufacturers have 
implemented cryptographic algorithms in their original transmitters and receivers 
that transmit and respond to randomly varying codes. To enable a vehicle- 
installed trainable transmitter to effectively operate in such systems, trainable 
transmitters have been developed that have the capability of recognizing when a 
received signal has been originated from a transmitter that generates a code that 
varies with each transmission in accordance with a cryptographic algorithm. 
When such a variable or rolling code is recognized, the trainable transmitter 
determines which cryptographic algorithm is used to generate and transmit the 
next code to which the receiver will respond. 

[0005] It would be advantageous to provide a trainable transceiver, system 
and method configured to identify an RF frequency or frequencies of operation 
for a control signal having a rolling control code based on data characteristics of 
the control signal. It would also be advantageous to provide a trainable 
transceiver, system and method configured to identify an RF frequency or 
frequencies of operation for a control signal having a fixed control code based 
on data characteristics of the control signal. 

SUMMARY OF THE INVENTION 

[0006] In accordance with an embodiment, a trainable transceiver for learning 
signal characteristics of an RF control signal received from a remote control 
transmitter used to remotely actuate a device and for subsequently transmitting 
a modulated RF signal having the learned signal characteristics includes an 
antenna, a wideband receiver coupled to the antenna, the wideband receiver 
configured to receive an RF control signal from the remote control transmitter, 
the RF control signal including a control code, a set of data characteristics and 
an RF carrier frequency and a control circuit coupled to the wideband receiver, 
the control circuit having a training mode in which the control circuit is 
configured to identify and store the control code of the RF control signal, to 
identify at least one data characteristic from the set of data characteristics and 
to identify at least one RF frequency associated with the RF control signal based 
on the at least one data characteristic. 
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[0007] In accordance with another embodiment, a trainable transceiver for 
learning signal characteristics of an RF control signal received from a remote 
control transmitter used to remotely actuate a device and for subsequently 
transmitting a modulated RF signal having the learned signal characteristics, 
includes an antenna, a wideband receiver coupled to the antenna, the wideband 
receiver configured to receive an RF control signal from the remote control 
transmitter, the RF control signal including a control code, a set of data 
characteristics and an RF carrier frequency and a control circuit coupled to the 
wideband receiver and having a training mode in which the control circuit is 
configured to identify and store the control code of the RF control signal and 
having an operating mode in which the control circuit is configured to identify at 
least one data characteristic from the set of data characteristics and to identify 
at least one RF frequency associated with the RF control signal based on the at 
least one data characteristic. 

[0008] In accordance with another embodiment, a method for training a 
transceiver to learn a set of signal characteristics of an RF control signal 
received from a remote control transmitter, the transceiver having an antenna 
and a wideband receiver includes initiating a training sequence, identifying and 
storing a control code of the RF control signal, identifying at least one data 
characteristic from a set of data characteristics for the RF control signal and 
identifying at least one RF frequency based on the at least one data 
characteristic. 

[0009] In accordance with a further embodiment, a trainable transceiver for 
learning signal characteristics of an RF control signal received from a remote 
control transmitter used to remotely actuate a device and for subsequently 
transmitting an RF signal having the learned signal characteristics includes an 
antenna, a controllable tuned RF detector coupled to the antenna and configured 
to receive at least one RF control signal having a frequency in a predetermined 
range of frequencies, a controllable frequency generator coupled to the 
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controllable tuned RF detector and configured to generate signals at a plurality 
of frequencies, and a control circuit coupled to the controllable tuned RF 
detector and the controllable frequency generator and configured to identify a 
control code of an RF control signal received by the controllable tuned RF 
detector and to provide a test signal to the controllable frequency generator to 
initiate a testing sequence to determine an RF frequency of the controllable 
tuned RF detector upon receipt of the RF control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention will be more readily understood by reference to the 
following description taken with the accompanying drawings, in which: 
[001 1] FIG. 1 shows a remote control system and a vehicle including a 
trainable transceiver in accordance with an embodiment. 
[0012] FIG. 2 is a schematic block diagram of a trainable transceiver in 
accordance with an embodiment. 

[0013] FIG. 3A is a schematic circuit diagram of an exemplary untuned 
wideband receiver or detector in accordance with an embodiment. 
[0014] FIG. 3B is a schematic circuit diagram of an exemplary tuned 
wideband receiver or detector in accordance with an embodiment. 
[0015] FIG. 4 is a schematic circuit diagram of an exemplary controllable 
tuned RF detector system in accordance with an embodiment. 
[0016] FIG. 5 illustrates a method for a learning process for a trainable 
transceiver in accordance with an embodiment. 

[0017] FIG. 6 illustrates a method for identifying an RF frequency or 
frequencies for a control signal learned by a trainable transceiver in accordance 
with an alternative embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
AND OTHER EXEMPLARY EMBODIMENTS 

[0018] Figure 1 shows a remote control system and a vehicle including a 
trainable transceiver in accordance with an embodiment of the invention. 
Vehicle 20 is an automobile, although it should be understood that the trainable 
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transceiver of the present invention may be embodied in other vehicles or other 
systems such as a portable housing. The system as illustrated in Figure 1 
includes a portable remote transmitter 21 in the form of a remote controller for a 
remote control system 40 such as a garage door opener, home security system, 
home lighting systems, electronically operated access gates, or any other 
household appliance or system capable of receiving an RF control signal, etc. 
The coded radio frequency (RF) (or infrared) energy of the transmitter 21 is 
transmitted as indicated by arrow A to a transceiver 50 (Figure 2) of a control 
module which may be mounted within the vehicle 20 inside, for example, a 
rearview mirror 30 or other suitable location. The transceiver 50 receives the 
encoded transmitted energy, demodulates it, and a programmable control circuit 
coupled to the receiver responds to signals therefrom to provide a variety of 
selected control functions. For example, the programmable control circuit may 
be configured to learn the control code of the signal and store the information 
for later transmission. The transceiver 50 included in the control module 
selectively transmits coded RF energy as indicated by arrow T to a remote 
electrical system 40, such as, for example, a garage door opening mechanism, 
that is responsive to the control signal. The programmable control circuit 
controls transceiver 50 (Fig. 2) to generate a carrier signal and modulate the 
control code onto a carrier signal to generate the control signal. The operation 
of the programmable control circuit and the transceiver 50 are described in 
detail below. 

[0019] Figure 2 is a schematic block diagram of a trainable transceiver in 
accordance with an embodiment. The system shown in Figure 2 includes a 
transceiver circuit 50 that is coupled to an antenna 58 and a control circuit 52. 
A switch interface 54 is connected to one terminal of each of three push button 
switches 42, 44, and 46, which have their remaining terminal connected to 
ground. Switches 42, 44, and 46 may each be associated with a separate 
remote control system to be controlled by transceiver 50. Interface circuit 54 
couples signal information from switches 42, 44, and 46 to the input terminals 
of control circuit 52. A power supply 56 is conventionally coupled to the 
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vehicle's battery and is coupled to the various components for supplying their 
necessary operating power in a conventional manner. 

[0020] As mentioned, switches 42, 44, and 46 may each correspond to a 
different device to be controlled such as different garage doors, electronically 
operated access gates, house lighting controls or other remote control systems, 
each of which may have their own unique operating RF frequency, modulation ' 
scheme, and/or control code. Thus, switches 42, 44, and 46 correspond to a 
different radio frequency channel for trainable transceiver 50. Once the RF 
channel associated with one of the switches 42, 44, and 46 has been trained 
(as described in more detail below) to an RF control signal B transmitted from a 
portable, remote transmitter 60 associated with a remote control system 62 
(e.g., a garage door opener), transceiver 50 may then transmit an RF signal T 
having the same characteristics as the control signal B to actuate the remote 
control system 62 when, for example, the corresponding switch is momentarily 
depressed. Thus, by identifying and storing signal characteristics such as the 
carrier frequency, modulation scheme, and control or data code of a received RF 
control signal B originating from the remote transmitter 60, transceiver 50 may 
subsequently transmit an RF signal T having the identified signal characteristics 
of the RF signal that are necessary to activate the remote control system 62. 
Each RF channel may be trained to a different RF control signal such that a 
plurality of devices or systems may be activated by depressing a corresponding 
one of the switches 42, 44, 46. Such other devices or systems may include, 
for example, additional garage door openers, a building's interior or exterior 
lights, a home security system, or any other household appliance or system 
capable of receiving an RF control signal. 

[0021] Control circuit 52 includes data input terminals for receiving signals 
from the switch interface 54 indicative of the closure states of switches 42, 44, 
and 46. Control circuit 52 may include various types of control circuitry, digital 
and/or analog, and may include a microprocessor, microcontroller, application- 
specific integrated circuit (ASIC), or other circuitry configured to perform various 
input/output, control, analysis, and other functions to be described herein. 
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Control circuit is configured to learn the control code of a control signal using 
known methods or algorithms. 

[0022] As mentioned, control circuit 52 is also coupled to the transceiver 50. 
Transceiver 50 as shown in Figure 2 includes a receiver 51 (or receiver circuitry) 
that is capable of receiving signals over a plurality of frequencies and a 
transmitter 53 (or transmitter circuitry) that is configured to transmit a signal on 
one or more frequencies, in one embodiment, receiver 51 is a broadband or 
wide-band receiver that is capable of receiving signals over a wide range of 
frequencies, e.g., the RF range (280-440 MHz). Wideband receiver 51 may be 
used to acquire the control or data code of a control signal while the frequency 
of transmission of the control signal is left undetermined. Figure 3A shows a 
circuit diagram of an exemplary untuned wideband receiver or detector 302. An 
inductor 306 functions as an antenna and is configured to receive an RF signal 
and convert it to a voltage. The voltage is then rectified (or detected) by a 
diode 308, for example, a schottky diode or a zero bias diode. A capacitor 310 
stores the detected voltage and serves as a low pass filter that filters out the RF 
carrier frequency and leaves the baseband data or modulation. The voltage at 
capacitor 310 may be a few millivolts up to several hundred millivolts. An 
amplifier 31 2 may be used to increase the signal for use by a control circuit or 
processor. Circuit 302 is responsive to all RF signals. For weaker signals, the 
transmitter, e.g., a garage door transmitter, may be held close to the wideband 
receiver in order to be detected. 

[0023] In an alternative embodiment, receiver 51 may be a tuned wideband 
receiver capable of receiving signals over a predetermined bandwidth, for 
example, at least 2 MHz. In one embodiment, the RF detector may have a 10 
MHz range. The actual frequency values defining the range of the tuned 
wideband receiver or detector may be varied over the entire RF frequency range 
until a signal is detected. Figure 3B shows a circuit diagram of an exemplary 
tuned wideband receiver or detector 304. An inductor 314 functions as an 
antenna. A capacitor 316 together with inductor 314 determines a resonant 
frequency of the receiver. At resonance receiver 304 will be the most sensitive. 
The resonant frequency may be fixed, tuned or variable. A fixed capacitor 316 
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provides a fixed resonant frequency. If capacitor 31 6 is a tunable type, for 
example, a varactor diode, receiver 304 may be used to sweep across the 
frequency band or wait at a particular frequency. A resistor 318 may be an 
actua. component or element or may be a result of the practical resistance (or 
loss) in the indictor 314 and capacitor 316. Resistor 318 (or loss) may be 
controlled to select a bandwidth of the circuit. A capacitor 3222, after a diode 
320, serves as a low pass filter that filters out the RF carrier and leaves the 
baseband data or modulation. An amplifier 324 may be used to increase the 
s.gna. for use by a control circuit or processor. As mentioned previously 
wdeband receiver 51 may acquire data, such as the control code, of the control 
s,gna. but the frequency of the control signal is left undetermined. In other 
words, the exact RF carrier frequency of the remote transmitter does not need 
to be known or learned at the same time as the control code (i.e., when the RF 
control signal is received by the receiver). Transceiver 50 is also capable of 
transmitting learned RF control signals via antenna 58 and transmitter 53 
[0024] In order to train transceiver 50, remote transmitter 60 is used to send 
an RF control signal (or message) B used to control the electronic system 62 to 
transceiver 50. Receiver 51 of transceiver 50 receives the RF control signal B 
v,a antenna 58. Control signal B includes a control code (or data code) and has 
a set of data characteristics. Control circuit 52 uses the control signal to learn 
the control code. Accordingly, control circuit 52 is configured to learn the 
control code using known methods or algorithms. Control circuit 52 is also 
configured to use the data characteristics of the control signal to determine a 
transmission frequency (or RF carrier frequency) or frequencies as described 
further below. 

[0025] In one embodiment, the electronic system 62 uses a fixed control code 
in the control signal (i.e., a control code that does not vary with each 
transmission of the control signal). The same control code from the original 
control signal B of the remote transmitter 60 is used in a control signal T 
transmitted by the transceiver 50 to the electronic system 62. In addition the 
same control code is used in each transmission of a contro. signal by transceiver 
50. As mentioned above, upon receipt of a control signal, control circuit 52 
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identifies and stores the control code from the control signal B using known 
methods or algorithms. Control circuit 52 also identifies at least one data 
characteristic from the set of data characteristics of the control signal. The set 
of data characteristics for a cbntrol signal may include, for example, the number 
of bits in the control signal or message, the high and low timing of individual 
bits in the data, the ratio of high and low timing of individual bits, the presence 
of a specific preamble, the absence of a preamble, the packet to packet time, 
the duration of time between packets (idle time), the time of the packet, 
whether the data is continuous, the ratio of the time of a single bit or bits of the 
preamble compared to the time of the other bits, patterns of bits including the 
repetition of bits, certain bits in the sequence being a 0 or a 1 , the type of 
modulation method used (e.g., PPM (Pulse Position Modulation), PWM (Pulse 
Width Modulation), or Manchester), the minimum time the signal is high, the 
ratio of the packet to packet time and the minimum time the signal is high, etc. 
[0026] An identified data characteristic or characteristics may be used to 
determine the type of remote system (e.g., the particular manufacturer of the 
remote system corresponding to the remote transmitter 60 and electronic 
system 62). The system type information (e.g., a particular manufacturer or a 
remote system of a particular manufacturer) is used by control circuit 52 to 
determine or identify a transmission frequency (or RF carrier frequency) or 
frequencies that may be used by transceiver 50 to transmit the control code for 
the electronic system 62. For example, certain data characteristics may be 
associated with a particular remote system or remote system manufacturer. A 
single manufacturer may produce different types of remote systems with 
different data characteristics and/or operating on different frequencies. A 
particular remote system or remote system manufacturer is associated with at 
least one operating frequency. Accordingly, data characteristics of a control 
signal may be used to identify a manufacturer (or further a set of systems made 
by a manufacturer) and, therefore, an original transmission frequency or 
frequencies for the control signal. 

[0027] In one embodiment, control circuit 52 includes a memory 55 that is 
configured to store information regarding the data characteristics of control 
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signal for various remote oon.ro. system manufacturers (and/or various remote 
oontrol systems) as well as the appropriate transmission frequenoy or 
frequencies for those systems. For example, date oharacteristios suoh as a 72 
b,t paoket and a 1 or 3 unit high time may be associated with (and used by) a 
Manufaoturer A tha, is known to utilize a 300 MHz operating frequenoy. In one 
embodiment, the data oharaoteristios and assooiated system manufacturers and 
frequencies may be stored in a look up table in memory 55. In another 
embodiment, if the remote system or remote system manufacture, is associated 
wrth more than one operating frequency, one or more data characteristics from 
the se, of deta characteristics of the comm. signal may be used to further 
reduce the number of possible frequencies. 

[0028] In an alternative embodiment, electronic system 62 uses a rolling 
control code (i.e., the control code is encrypted using a rolling code encryption 
method). With a rol.ing control code, a cryptographic algorithm is used to 
generate a new control code for each transmission of the control signal. Upon 
rece.pt of a control signal, oontrol circuit 52 identifies and stores the control 
code from the control signal B using known methods or algorithms. Control 
crcuit 52 also identifies a, leas, one data characteristic from a set of data 
characteristics of the control signal. The se, of data characteristics of a control 
s,gnal may include, for example, ,he number o, bi,s in ,he message, ,he high 
and low timing o, individual bits in the data, the ratio o, the high and low timing 
of individual bits of data, the presence of a specific preamble, the duration o, 
t,me between packets, tha ratio of time of a single bi, or bit of the preamble 
compared to the time of the Cher bits, the time of the packet, particular 
patterns of bits including repetition of bits, certain bits in the sequence being a 0 
or a 1 , etc. 

(0029) An identified deta characteristic or characteristics may be used to 
determine the type of system (e.g., the particular manufacturer of the remote 
system corresponding to the remote transmitter 60 and electronic system 62) 
and an encryption method or algorithm corresponding to, for example, the 
manufacturer of tha remote transmitter 60 and the electronic system 62 The 
system type information (e.g., a particular manufacturer or a remote system of a 
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particular manufacturer) is used by control circuit 52 to determine or identify the 
appropriate transmission frequency or frequencies for the control signal as well 
as the appropriate cryptographic algorithm (and the data required for input to the 
cryptographic algorithm) to produce the rolling control code. For example, 
certain data characteristics may be associated with a particular remote system 
or remote system manufacturer. A single manufacturer may produce different 
types of remote systems with different data characteristics and/or operating on 
different frequencies. A particular remote system or remote system 
manufacturer is associated with at least one operating frequency and may 
further be associated with a particular cryptographic algorithm to produce a 
rolling or variable control code. Accordingly, data characteristics of a control 
signal may be used to identify a manufacturer (or further a set of systems made 
by a manufacturer) and therefore, an original transmission frequency or 
frequencies for the control signal and an encryption method for the rolling 
control code. 

[0030] In one embodiment, control circuit 52 includes a memory 55 that is 
configured to store information regarding the data characteristics of control 
signals for various rolling code remote control system manufacturers (and/or 
various rolling code remote control systems) as well as the appropriate 
transmission frequency or frequencies and rolling code or encryption algorithms 
for those systems. When a data characteristic of the control signal is identified, 
control circuit 52 may access the stored information (e.g., a look up table) to 
identify a manufacturer and the associated frequencies and encryption algorithm 
for the manufacturer. In another embodiment, if the remote system or remote 
system manufacturer is associated with more than one operating frequency, one 
or more data characteristics from the set of data characteristics for the control 
signal may be used to further reduce the number of possible frequencies. 
[0031] Once an RF frequency or frequencies have been identified, the 
frequency information may be stored by control circuit 52 in, for example, 
memory 55. Transceiver 50 may then use the learned control code and ' 
frequency information to transmit an RF signal T via antenna 58 and transmitter 
53 to actuate the remote control system 62. As mentioned above, transmitter 
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53 is preferably configured to transmit a signal at one or more frequencies 
Alternatively, the learned control (or data) code may be stored and an RF 
frequency or frequencies may be determined or identified each time the control - 
code is transmitted using the control signal data characteristics as described 
above. 

[0032] As mentioned previously, more than one frequency may be identified 
as a possible transmission frequency for a control signal for the electronic 
system 62 based on the control signal data characteristics. Accordingly 
transceiver 50 and control circuit 52 may be configured to generate and 
transmit a contro. signal at each identified frequency to determine the correct 
frequency for transmission. In one embodiment, the possible frequencies are 
transmitted sequentially to determine the correct frequency. In another 
embodiment, one or more data characteristics of the contro. signal may be used 
to rank the order in which the identified frequencies are tried by transceiver 50 
In another embodiment, the identified frequencies may be interspersed with less 
commonly used frequencies. For each of the above methods, as each 
frequency is tested, a user may observe the electronic system 62 to determine if 
the control signal has been successfully transmitted and received. The user may 
then indicate successful receipt of the control signal by, for example, pressing 
the switch 42, 44, 46 corresponding to the channel being trained, a 
combination of key presses, selecting a menu item on a display, etc. The 
frequency corresponding to the activation of the electronic system (as indicated 
by the user feedback, may then be associated with the control signal (an contro. 
code, and stored in, for examp.e, memory 55. Alternatively, a., of the identified 
poss,ble frequencies may be used each time the control code is transmitted by 
transceiver 50 (i.e., the actual frequency is not identified and stored,. 
[0033] In yet another embodiment, the correct operating frequency for the 
transmitter may be determined using a controllable tuned RF detector 400 as 
shown in Figure 4. RF detector 400 may be used in place of receiver 51 (Figure 
2, or in addition to receiver 51 in transceiver 50. RF detector 400 may be used 
to determine the correct frequency for a learned contro. signal when the more 
than one frequency is identified based on the contro. signa. data characteristics. 
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Alternatively, RF detector 400 my be used by itself to determine the correct 
frequency for a learned control signal. RF detector may be, for example, a 
tuned LC resonant detector as described above with respect to Figure 3B. RF 
detector circuit 400 includes a tuned RF pickup loop 406 and a detector (or 
diode) 408. RF pickup loop is configured to detect and receive signals. RF 
detector 400 is coupled to a control circuit 452 and a controlled oscillator (VCO) 
404. Oscillator 404 is also coupled to control circuit 452 and an antenna 458. 
Control circuit 452 is configured to control and operate RF detector 400 and 
oscillator 404. Control circuit 452 is also configured to learn the control code of 
a received control signal using known methods or algorithms. In operation, the 
transceiver 50 (shown in Figure 2) is placed in a training mode and a user 
activates an original remote control transmitter to send a control signal. Control 
circuit 452 sends a control circuit Rx tune signal to RF pickup loop 406 to scan 
the frequency of the RF detector 400. RF detector 400 is swept across a wide 
frequency range by varying a control voltage (control circuit Rx tune). When a 
signal is detected, the sweeping stops and the control voltage may be varied to 
maximize the signal. Control circuit 452 then learns and stores the control code 
and other data of the control signal. 

[0034] Oscillator 404 is also coupled to the RF detector (or tined receiver) 
400. A frequency of oscillator 404 may be controlled using control circuit 452. 
The oscillator may be used in combination with control circuit 452 and RF 
detector 400 to determine the resonant frequency of RF detector 400. 
Oscillator 404 may be used to test the frequency RF pickup loop 406 is tuned 
to. RF detector 400 is held at its previous control voltage and a signal from the 
oscillator 404 is applied to an antenna by closing a switch 410 between the 
oscillator 404 and RF detector 400. The frequency of oscillator 404 is then 
varied until the maximum signal in the RF detector 400 is produced. The 
frequency of the oscillator when the maximum RF detector 400 signal is 
produced corresponds to the tuned receiver resonant frequency. The identified 
frequency of RF detector 400 may be stored with the control code of the control 
signal by control circuit 452. To retransmit the control signal, oscillator 404 is 
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set to the frequency stored in memory for a particular control signal and the 
associated control code is used to modulate the transmission signal. 
W035] Returning to Figure 1 , transceiver 50 and control circuit 52 may also 
use methods to determine the frequency of transmission of the control signal 
that do not utilize the data characteristics of the control signal. Control circuit 
52 may use alternative methods if, for example, the correct frequency is not 
determined using the data characteristics of the control signal. As discussed 
above, receiver 51 may be either a wideband receiver or a tuned wideband RF 
detector that receives signals for a plurality of frequencies. When a control 
signal is received, control circuit 52 learns the control code for the control 
signal. The correct transmission frequency of the control signal may then be 
determined by sequentially testing a set of possible frequencies. In one 
embodiment, the sequential frequencies are tried using predetermined 
increments, such as the expected receiver bandwidth. In another embodiment, 
a set of commonly used frequencies may be tried where the order of the 
frequencies is determined by ranking the frequencies based on the likelihood of 
compatibility with the electronic system 62. As each frequency is sequentially 
tested, the user may observe the electronic system 62 to determine if the 
control signal has been successfully transmitted and received. The user can 
indicate successful receipt of the control signal by, for example, pressing the 
switch 42, 44, 46 corresponding to the channel being trained, a combination of 
key presses, selecting a menu item on a display, etc. 

[0036] Figure 5 illustrates a method for a learning process for a trainable 
transceiver in accordance with an embodiment. At block 502, the training 
process is initiated. The training process may be initiated by, for example 
actuating one of the push buttons 42, 44, and 46 (Figure 2), a combination of 
key presses, selecting a menu item on a display or may be initiated when a 
signal is received by the transceiver. Alternatively, if the trainable transceiver is 
mounted in a vehicle, the training sequence may be initiated by a message on a 
vehicle bus. At block 504, a remote transmitter 60 (to which the transceiver 50 
,s to be trained, is activated to send an RF control signal. The RF control signal 
may include, for example, a fixed control code or a rolling control code an has a 
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set of data characteristics. Receiver 51 receives the RF control signal 
transmitted by the remote transmitter 60 via antenna 59 at block 506. Receiver 
51 may be a broadband/wide-range receiver that is capable of receiving signals 
over a wide range of frequencies or a tuned wideband RF receiver or detector 
that is capable of receiving signals over a predetermined range, for example, at 
least 2 MHz. Accordingly, the exact RF carrier frequency of the remote 
transmitter control signal does not need to be known or learned at the same 
time as the control code (i.e., when the RF control signal is received by the 
receiver). 

[0037] At block 508, a control circuit is used to determine whether the 
control signal has a fixed or variable (i.e., rolling) control code. A control code is 
identified using known methods or algorithms (block 508) and stored in, for 
example, a memory device (block 510). In addition, at block 512, the control 
circuit 52 identifies at least one data characteristic of the control signal sent by 
the remote transmitter. As mentioned previously, the set of data characteristics 
of a control signal may include, for example, the number of bits in the control 
signal or message, the high and low timing of individual bits in the data, the 
ratio of high and low timing of individual bits, the presence of a specific 
preamble, the absence of a preamble, the packet to packet time, the duration of 
time between packets (idle time), the time of the packet, whether the data is 
continuous, the ratio of the time of a single bit or bits of the preamble compared 
to the time of the other bits; patterns of bits including the repetition of bits, 
certain bits in the sequence being a 0 or a 1, the type of modulation method 
used (e.g., PPM (Pulse Position Modulation), PWM (Pulse Width Modulation), or 
Manchester), the minimum time the signal is high, the ratio of the packet to 
packet time and the minimum time the signal is high, etc. 
[0038] An identified data characteristic or characteristics may used to 
determine an RF frequency (i.e., the transmission frequency) for transmission of 
the control code (block 51 4). For example, control signal data characteristics 
may be used to identify the type of system (e.g., the particular manufacturer of 
the remote transmitter 60 and electronic system 62). The type of system 
information may then be used to determine or identify the appropriate 
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transmission frequency for the control signal. For example, certain data 
characteristics may be associated with a particular remote system or remote 
system manufacturer. A particular remote system or remote system 
manufacturer is associated with at least one operating frequency. Accordingly, 
the data characteristic or characteristics may be used to identify a manufacturer 
(or further a set of systems made by a manufacturer) and, therefore, a set of 
possible original transmission frequencies for the control signal. The 
transmission frequency may be stored by the control circuit at block 516. If the 
control code is a rolling code, the set of characteristics of the control signal may 
further be used to determine the appropriate cryptographic algorithm for the' 
rolling code. In one embodiment, information regarding the data characteristics 
of control signals for various fixed code and rolling code remote control systems 
and manufacturers as well as the appropriate transmission frequencies and 
cryptographic algorithms (if appropriate) for those systems and manufacturers is 
stored in a memory of the transceiver, for example, as a look up table. 
[0039] In an alternative embodiment, the RF frequency for the control signal 
may be determined or identified when the control code is transmitted by the 
transceiver 50 and then stored or, alternatively, may be identified each time the 
control code is transmitted by the transceiver 50. Figure 6 illustrates a method 
for identifying an RF frequency or frequencies for a control signal learned by a 
trainable transceiver in accordance with an alternative embodiment. Steps 602 - 
610 in Figure 6 are similar to steps 502 to 510 described above with respect to 
Figure 5 for learning the control code of a control signal. In the embodiment of 
Figure 6, an RF frequency or frequencies are identified when the transceiver is 
activated to transmit a control signal to the remotely controlled system. At 
block 612 of Figure 6, transmission of a control signal having the learned control 
code is initiated by, for example, actuating a switch of the transceiver 
associated with the learned control code, a combination of key presses, 
selecting a menu item on a display, etc. At block 614, at least one data 
characteristic of the original control signal sent by the remote transmitter is 
identified and then used to determine an RF frequency or frequencies for 
transmission of the control code at block 616. As discussed previously, an 
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identified data characteristic or characteristics may be used to identify a 
manufacturer (or further a set of systems made by a manufacturer) and, 
therefore, a set of possible original transmission frequencies for the control 
signal. In addition, for a rolling control code, the identified data characteristic or 
characteristics may be used to identify a manufacturer and, therefore, an 
encryption algorithm for generating the rolling control code. Once an RF 
frequency or frequencies are identified, a control signal having the control code 
and RF frequency or frequencies is transmitted to the remote system at block 
61 8. As mentioned, in this embodiment, the RF frequency or frequencies for 
transmission are identified when the learned control code is subsequently 
transmitted by the transceiver. In one embodiment, the identified RF frequency 
or frequencies may be stored. As discussed above with respect to Figure 2, if 
more than one RF frequency is identified using the data characteristics of the 
control signal, various methods may be used to identify the correct frequency of 
operation. Alternatively, the RF frequency or frequencies may determined each 
time the control signal is transmitted using the transceiver. 
[0040] It is also important to note that the construction and arrangement of 
the elements of the trainable transceiver as shown in the preferred and other 
exemplary embodiments are illustrative only. Although only a few embodiments 
of the present invention have been described in detail in this disclosure, those 
skilled in the art who review this disclosure will readily appreciate that many 
modifications are possible (e.g., variations in sizes, dimensions, structures, 
shapes and proportions of the various elements, values of parameters, mounting 
arrangements, materials, colors, orientations, etc.) without materially departing 
from the novel teachings and advantages of the subject matter recited herein. 
Accordingly, all such modifications are intended to be included within the scope 
of the present invention as described herein. The order or sequence of any 
process or method steps may be varied or re-sequenced according to alternative 
embodiments. Other substitutions, modifications, changes and/or omissions 
may be made in the design, operating conditions and arrangement of the 
preferred and other exemplary embodiments without departing from the 
exemplary embodiments of the present invention as expressed herein. 
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